Recent studies have indicated that some endocytic proteins are also involved in direct signaling pathways from membranes into the nucleus. These results suggest that endocytic and signaling machineries are more intimately connected than previously thought. Thus, it appears that the activated EGFR tightly controls its overall endocytic process by modulating the activity of the endocytic machinery. Is the inverse also true -do endocytic proteins control or participate in signaling events? The first strong evidence for such roles was provided by the recent findings showing that the CCP-associated proteins epsin, Eps15 and β β-arrestin2 undergo constitutive nucleocytoplasmic shuttling [14-17]. These data have suggested a possible role for these proteins in direct signaling pathway(s) between endocytic membranes and the nucleus. Despite a detailed characterization of their nucleocytoplasmic trafficking and the identification of putative nuclear partners, the potential functions of these endocytic proteins within the nucleus remain poorly understood. Additionally, the ways in which those putative nuclear signals could be regulated are not currently clear (reviewed in [18] ).
Hrs in the endosomal sorting of ubiquitinated EGFR for degradation is also modulated by its phosphorylation on tyrosine residues [8] . Interestingly, Eps15 and Hrs, as well as the CCP-associated protein epsin, are monoubiquitinated in response to EGF. The true function of these ubiquitination events is still not known, although all of these proteins also contain ubiquitin interaction motifs that are involved in the sorting of ubiquitinated EGFR and it is tempting to speculate that their ubiquitination regulates their sorting functions (reviewed in [9] ).
The activated EGFR also controls its progression through endosomal compartments through effects on Rab5. This small GTPase plays a central role in the formation and dynamics of the so-called early/sorting endosomes by regulating CCV formation, the fusion of endocytic vesicles, and their movements along microtubules (reviewed in [10] ). Several studies have established that the activated EGFR modulates the GTPase activity of Rab5 [11] by targeting either GTPase activating proteins (GAPs), such as RN-Tre [12] , or GTP exchange factors (GEFs), such as RIN1 [13] . The activation of Rab5 through EGFR and RIN1 stimulates both the internalization and degradation of activated EGFR [11, 13] , as also occurs upon expression of constitutively active mutants of Rab5.
Thus, it appears that the activated EGFR tightly controls its overall endocytic process by modulating the activity of the endocytic machinery. Is the inverse also true -do endocytic proteins control or participate in signaling events? The first strong evidence for such roles was provided by the recent findings showing that the CCP-associated proteins epsin, Eps15 and β β-arrestin2 undergo constitutive nucleocytoplasmic shuttling [14] [15] [16] [17] . These data have suggested a possible role for these proteins in direct signaling pathway(s) between endocytic membranes and the nucleus. Despite a detailed characterization of their nucleocytoplasmic trafficking and the identification of putative nuclear partners, the potential functions of these endocytic proteins within the nucleus remain poorly understood. Additionally, the ways in which those putative nuclear signals could be regulated are not currently clear (reviewed in [18] ).
In a very recent study, Marino Zerial and colleagues In conclusion, it appears that endocytic proteins, as well as many other proteins from plasma-membraneassociated structures (reviewed in [18] ), are able to shuttle in and out of the nucleus where they are believed to regulate gene expression. The specific advantages of these additional pathway(s), which appear to be redundant with the classical signaling pathways, remain to be understood. One attractive possibility is that these shuttling proteins are involved in the regulation of a limited and specific set of genes implicated in a particular process, for example in this instance in CCP or endosome formation. This hypothesis is strengthened by the very interesting observation that transcription of dynamin, a GTPase required for CCV formation, is upregulated when clathrin-dependent endocytosis is inhibited [19] , suggesting that such a direct link may exist. In this context, the NuRD complex, which binds to APPL in the nucleus, has been involved in gene repression rather than activation [20] . An intriguing possibility is that APPLs may repress 
